Objective To assess whether sleep apnoea syndrome is an independent risk factor for hypertension. Design Population study. Setting Sleep clinic in Toronto. Participants 2677 adults, aged 20-85 years, referred to the sleep clinic with suspected sleep apnoea syndrome. Outcome measures Medical history, demographic data, morning and evening blood pressure, and whole night polysomnography. Results Blood pressure and number of patients with hypertension increased linearly with severity of sleep apnoea, as shown by the apnoea-hypopnoea index. Multiple regression analysis of blood pressure levels of all patients not taking antihypertensives showed that apnoea was a significant predictor of both systolic and diastolic blood pressure after adjustment for age, body mass index, and sex. Multiple logistic regression showed that each additional apnoeic event per hour of sleep increased the odds of hypertension by about 1%, whereas each 10% decrease in nocturnal oxygen saturation increased the odds by 13%. Conclusion Sleep apnoea syndrome is profoundly associated with hypertension independent of all relevant risk factors.
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When p53 status and tumour proliferation markers are included in multivariate analyses, age no longer remains an independent prognostic factor. 2 This suggests that these factors contribute significantly to the adverse prognostic effect of young age. But what evidence is there that these molecular phenotypes also modify response to treatment? The presence of mutated p53 is, as expected, associated with reduced benefit from adjuvant systemic treatment. 3 High tumour proliferation is at best of no predictive value or is indicative of worse response in locally advanced disease. 4 Similarly, overexpression of c-erbB-2 is associated with the development of resistance to tamoxifen and possibly reduced benefit from adjuvant systemic treatment. 5 Thus none of these three factors can be held responsible for both adverse prognosis and improved treatment outcome.
Other possible candidates to explain the phenomenon are the two breast cancer predisposition genes BRCA1 and 2. These proteins have a role in the repair of spontaneous DNA damage and that induced by radiotherapy and some chemotherapy drugs. Mutations in these genes may thus make tumour cells more responsive to treatment. However, since only 5.9% of women with breast cancer aged younger than 36 have germline mutation in these genes 6 and somatic mutations are not found in sporadic breast cancer, it is unlikely that Kroman et al's results can be explained by mutations in BRCA1 or 2. In addition, it remains to be shown whether BRCA1 or 2 mutant breast cancers are more responsive to radiotherapy or chemotherapy. Importantly, there is no evidence that mutation carriers have a worse prognosis than stage and grade matched controls. 7 
Future research
The biological explanations for Kroman et al's observations remain unclear. We require more information about the molecular pathology correlated with the effects of treatment on survival in large clinical trials. The development of cDNA microarray technology will soon allow us to analyse the differences in expression of thousands of genes in breast tumour specimens. This may show patterns of gene expression associated with early onset breast cancer and subsequent correlations with prognosis and outcome after treatment. It will then be critical to observe whether age remains an independent significant prognostic factor in women with small, low grade, node negative tumours, currently defined as low risk. Until this information is available, based on the results of this study, oncologists may rightly consider young age alone an indicator of poorer prognosis and a relative indication for adjuvant chemotherapy.
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Introduction
The strong association between obstructive sleep apnoea syndrome and hypertension has attracted con- siderable attention in recent years. [1] [2] [3] [4] [5] [6] Despite the accumulated evidence suggesting a causal relation between these two conditions, doubts have been raised about how much of this association is contributed by confounding variables, most notably obesity, age, and male sex. This argument diminished the importance of the syndrome as a major public health problem. 7 Differentiating the contribution of confounding factors from that of the repeated apnoeic events and hypoxaemia requires large populations. In an unselected population of state employees, sleep related breathing disorders were a risk factor for hypertension, which was independent of age, body mass index, and sex. 6 However, because the population was a sample of the general population rather than of patients with suspected sleep disorders, less than 4% of that population had moderate or severe sleep apnoea. 6 No large scale investigations have examined the relation between blood pressure, severity of apnoea, and various confounding factors in patients attending sleep clinics. These patients generally present with more severe forms of sleep related breathing disorders and more confounding variables than the general population, and therefore may be expected to show a different relation between apnoeic events and blood pressure. We investigated these relations in a large population of patients with sleep disorders attending a clinic.
Methods

Participants
We examined prospectively 2677 adults (aged 20-85 years) referred to the St Michael's Hospital sleep clinic with suspected sleep apnoea. All were both nonselected and consecutively referred for diagnostic sleep recordings over a 10 year period.
Protocol
Nocturnal polysomnography was performed in hospital. This included monitoring of both respiration, with inductance plethysmography and oronasal temperature as substitute measurements of respiratory effort and flow, and oxygen saturation. From these measures we obtained the apnoea-hypopnoea index (total number of apnoeic events plus hypopnoeic events divided by hours of sleep) and the lowest and mean nocturnal oxygen saturation; we also recorded the percentage of time spent asleep with oxygen saturation below 90%. Apnoea was defined as a cessation in airflow of at least 10 seconds, and hypopnoea was defined as a decrease in the amplitude of the respiratory signal of at least 50% for a minimum of 10 seconds followed by either a decrease in oxygen saturation of 4% or signs of physiological arousal.
Anthropometric measurements-We measured the patients' height and weight and neck, hip, and waist circumference, and we calculated their body mass index and waist to hip ratio.
Smoking status was defined as never, present, or past smoker, and pack years of smoking.
Blood pressure measurements were taken six times under standard conditions, with the patients awake and supine, either just before turning off the lights (evening measurements) or just before getting out of bed (morning measurements). Our analysis deals only with mean morning blood pressure readings. Repeating the analysis with the evening values provided similar results.
Hypertension
Hypertension was defined as taking antihypertensives without regard to the actual measurement of blood pressure, or having a systolic blood pressure reading greater than 140 mm Hg or a diastolic blood pressure reading greater than 90 mm Hg. The same definition was used in a study of hypertension in sleep apnoea based on a random sample of the population. 6 
Statistical analysis
We analysed the association between sleep apnoea and blood pressure with univariate analysis, without any adjustment for confounding variables. Linear trends were verified using the Cochran-Armitage trend test 8 for linearity for categorical data, and regression lines for parametric data. We used multiple linear regression to identify the variables that made an important contribution to the variability of blood pressure and to adjust for confounding variables with analysis of covariance. Finally, we used multiple logistic regression modelling to determine the odds ratios of having hypertension associated with an increase in the apnoea-hypopnoea index and a decrease in oxygen saturation. Statistical analysis was performed using SAS software. Table 1 summarises the characteristics of the patient population of 1949 men and 728 women. Our patients were obese, middle aged males with mild to moderate sleep apnoea, and there was wide scatter in all variables.
Results
Univariate analysis
To show how blood pressure levels vary with apnoea we divided our population into four groups: nonapnoeic controls (apnoea-hypopnoea index 10 or less), mild apnoea (greater than 10 and less than 31), moderate apnoea (greater than 30 and less than 51), and severe apnoea (greater than 50). Table 2 shows that unadjusted systolic and diastolic blood pressures increased with the apnoea-hypopnoea index. Trend analysis, however, showed that the important confounding factors, such as percentage of males, age, obesity (as reflected by body mass index, neck circumference, and waist to hip ratio), and smoking history also significantly increased with the apnoea-hypopnoea index (all P < 0.0001).
We used the Cochran-Armitage trend test 8 to test for linearity in percentage of males, hypertension, and antihypertensive use. Multiple regression analysis-We performed multiple linear regression in 1865 patients not taking antihypertensives (table 3) . This showed that the apnoeahypopnoea index was significantly related to diastolic and systolic blood pressure after adjustment for age and sex. Age and sex were significant covariates, but there was no interaction between the apnoea-hypopnoea index and age or sex. Smoking was only borderline statistically significant for the diastolic blood pressure, and therefore it was not included in further analysis.
Stepwise linear regression, with the apnoea-hypopnoea index, age, and sex forced in the model, indicated that neck circumference (over body mass index, waist or hip circumference, and waist to hip ratio) was the most influential body habitus variable. When neck circumference was added to age and sex, the apnoea-hypopnoea index was still significantly related to diastolic and systolic blood pressures (adjusted R 2 21.9% and 19.6% respectively). No interaction occurred between neck circumference and the apnoea-hypopnoea index. Under the conditions of the model, the coefficient for the apnoea-hypopnoea index indicates an increase of 0.10 and 0.04 mm Hg in systolic and diastolic blood pressures respectively for each additional apnoeic event per hour of sleep. The model predicts, for example, that the mean (SD) morning blood pressure readings will be 6 (1.2) mm Hg (systolic) and 4.7 (1.0) mm Hg (diastolic) higher for severe sleep related breathing disorders (apnoea-hypopnoea index 60) versus no sleep related breathing disorders. The same results were found when the analysis was repeated with the lowest nocturnal oxygen saturation.
Multiple logistic regression-To evaluate the effect of the apnoea-hypopnoea index, we performed a multiple logistic regression model of sleep related breathing disorders and hypertension with terms for the apnoea-hypopnoea index, sex, age, body mass index, and an interaction for body mass index and apnoea-hypopnoea index. This indicated that an increase in 10 apnoeic events per hour of sleep increased the risk of having hypertension by about 11.0% ( coefficient 0.011, table 4 and fig 1) . A similar analysis replacing the apnoea-hypopnoea index with oxygen saturation nadir showed that each 10% decrease in saturation nadir increased the risk of having hypertension by about 13% (0.013; table 5 and fig 2) . Using percentage of time spent asleep below 90% oxygen saturation instead of nadir did not improve upon these results.
Discussion
We investigated the relation between the severity of sleep apnoea syndrome and hypertension in 2677 people attending a sleep clinic. Overall, 40% of our population were defined as hypertensive based on either medical history or blood pressure measurements taken immediately after sleep. Our results showed that sleep apnoea significantly contributed to hypertension independent of all relevant confounding variables. Each apnoeic event per hour of sleep added about 1% to the risk of having hypertension. To prove that sleep apnoea has an independent effect on blood pressure we used techniques for adjustment of case mix based on multivariate statistical models to account for several variables that are strong confounders. Since multiple regression models cannot completely remove confounding effects, we confirmed our results by matching patients with sleep apnoea (apnoeahypopnoea index greater than 10; no use of antihypertensives), for age (within SD 5 years) and body mass *Controls, non-apnoeic patients (apnoea-hypopnoea index <10); mild apnoea (>10 and <31), moderate apnoea (>30 and <51), and severe apnoea (>50). Table 3 Multiple linear regression models for blood pressure measurements only in patients not taking antihypertensive drugs (n=1865) ) with controls (apnoeahypopnoea index 10 or less). The 674 patients with sleep apnoea we successfully matched (data not shown) had significantly higher blood pressure measurements than their matched controls (122.4 (SD 15.7) versus 118.7 (15.5) mm Hg, t = 4.67, paired t test P < 0.0001; 73.7 (10.2) versus 70.9 (9.9) mm Hg, t = 5.20, P < 0.0001).
Our 1% estimate of risk for hypertension for each event per hour of sleep is lower than the 4% previously reported. 6 This may be because our reference group comprised a large number of heavy snorers who were suspected of having sleep apnoea but who were found to have an apnoea-hypopnoea index lower than 10. Snoring was previously reported to be associated with increased levels of blood pressure.
9
Active approach in diagnosis Our findings, together with previous reports, 5 6 show that sleep apnoea constitutes an independent risk factor for hypertension. Multivariate analysis of mortality data in patients with sleep apnoea showed that hypertension was a significant independent predictor of cardiopulmonary deaths in these patients. 10 These findings have clinical implications concerning diagnosis and treatment of sleep apnoea. Currently, most patients are referred for diagnosis only when symptoms are severe enough to affect their quality of life or to attract the attention of family members. Snorers, even with obvious daytime sleepiness, were reported to be passive in seeking medical help for their symptoms. 11 The association of sleep apnoea with hypertension warrants a more active approach in the diagnosis of sleep apnoea.
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What is already known on this topic
Previous studies have suggested that sleep apnoea syndrome is associated with hypertension, but until now evidence from a large population attending a sleep clinic in which confounders were controlled for has been lacking
What this paper adds
Based on either medical history or actual blood pressure measurements there is an association between sleep apnoea and hypertension, which is independent of the most important confounders Sleep apnoea syndrome should be taken into account in the differential diagnosis of essential hypertension 
